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(54) Method for bulk separation of single-walled tubular fullerenes based on chirality 



(57) A method for bulk separation of single-walled 
tubular fullerenes (100) based on chirality is provided 
wherein a first step is the formation of a template (40) 
on a crystalline substrate (30). The template (40) has a 
plurality of openings (32) which are oriented to energet- 
ically favor adsorption of a respective plurality of single- 
walled fullerenes (100) having a tubular contour and a 
selected chirality. Next, the template (40) is exposed to 
a suspension (16) of single-walled tubular fullerenes 



(100) of random chiralities for adsorption of single- 
walled tubular fullerenes (100) of the selected chirality 
into the openings (32) of template (40). Then, the tem- 
plate (40) is removed from exposure to the suspension 
(1 6) and the adsorbed single-walled tubular fullerenes 
(100) of the selected chirality are removed from the tem- 
plate (40). The template (40) may then be reused to ad- 
sorb further tubular fullerenes (100) of the selected chi- 
rality from a suspension (16) of tubular fullerenes (100) 
of random chiralities. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] This invention directs itself to a method for bulk 
separation of single-walled tubular fullerenes based on 
chirality. More in particular, the present invention is di- 
rected to a method for bulk separation of single-walled 
tubular fullerenes utilizing a template for adsorbing sin- 
gle-walled tubular fullerenes of a predetermined chiral- 
ity. Still further, the present invention is directed to a 
method of bulk separation which takes advantage of a 
phenomenon wherein tubular fullerenes self-orient on a 
similar, but planar lattice structure in an angular orien- 
tation which varies as a function of the chirality of the 
tubular fullerene. 

BACKGROUND OF THE INVENTION 

[0002] Tubular fullerenes and, in particular, carbon 
nanotubes are of great interest because of their unique 
electrical and mechanical properties for use in con- 
structing nanoscale electronic circuitry and mechanical 
devices. It has been discovered that the electrical prop- 
erties of a carbon nanotube vary as a function of its chi- 
rality, the angle at which the graphitic lattice spirals 
about the tubular contour of the nanotube. Electrical 
properties of carbon nanotubes can vary between me- 
tallic, highly conductive structures and those which are 
semiconducting. One of the major hurdles to commer- 
cial utilization of these unique structures has been the 
problem of synthesizing the structures in a desired chi- 
rality. Currently, the synthesis of carbon nanotubes pro- 
duces a mixture of chiralities. Separating nanotubes of 
a desired chirality from ail those produced has required 
a very tedious and inefficient mechanical separation 
process utilizing a nanoprobe (e.g., an atomic force mi- 
croscope). Thus, even for laboratory use, separation of 
a desired chirality from all those which are produced is 
a painstakingly slow process. 
[0003] One recent approach which permits the selec- 
tive preservation of the semiconducting types of nano- 
tubes in bundles, or "ropes," of aligned single-walled 
carbon nanotubes has been demonstrated by IBM Corp. 
In that method, ropes of nanotubes of random chiralities 
are deposited on a silicon wafer that is then covered by 
a dense array of source, drain and gate connections in 
order to form field-effect devices. Subsequently, a volt- 
age is applied over the nanotube ropes blowing out and 
destroying the metallic tubes, but leaving the semicon- 
ducting type unscathed. Thus, the surviving semicon- 
ducting nanotubes are available and still affixed as 
ropes to the contacts, where they may be utilized to pro- 
duce active devices. However, the method provides no 
means of physically segregating or sorting the nano- 
tubes into separate assemblies or containers. Nor does 



it provide a means for accumulating the highly conduc- 
tive nanotubes. More importantly, this approach does 
not apply at all to the problem of sorting the nanotubes 
according to their chiral structure. 

5 

SUMMARY OF THE INVENTION 

[0004] Aspects of the invention are set out in the ac- 
companying claims. 

10 [0005] A method is provided where either semicon- 
ducting or highly conductive nanotubes can be physi- 
cally sorted or separated in bulk quantities from the typ- 
ical mixture of nanotube types synthesized by current 
methods. This provides advantages over the prior art 

15 methods and still further, the method of the present in- 
vention is far simpler to implement than prior art meth- 
ods. 

[0006] According to one aspect, a method for bulk 
separation of single-walled tubular fullerenes based on 
20 chirality is provided. The method includes the steps of: 

a. forming a template on a crystalline substrate hav- 
ing a plurality of openings oriented to energetically 
favor adsorption of a respective plurality of single- 

25 walled fullerenes having a tubular contour and a se- 
lected chirality; 

b. exposing the template to a suspension of single- 
walled tubular fullerenes of random chiralities for 
adsorption of single-walled tubular fullerenes of the 

30 selected chiralities into the openings of the tem- 
plate; 

c. removing the template from the suspension; and, 

d. removing the adsorbed single-walled tubular 
fullerenes of the selected chirality from the tem- 

35 plate. 

[0007] In order to form the template, a crystalline sub- 
strate is provided which has a predetermined lattice 
structure. Then, a plurality of single-walled tubularfuller- 

40 enes of the selected chirality are deposited on the sub- 
strate. The deposited single-walled tubular fullerenes 
have a lattice structure that is disposed in aligned rela- 
tionship with the predetermined lattice structure of the 
crystalline substrate. Next, exposed areas of the crys- 

45 talline substrate surrounding each of the single-walled 
tubular fullerenes are coated with a composition having 
a greater affinity for the crystalline substrate than forthe 
single-walled tubular fullerenes of the selected chirality. 
Lastly, the single-walled tubularfullerenes that had been 

so deposited on the substrate are removed, leaving the 
composition coating the substrate undisturbed with 
elongated openings that define a template forthe sub- 
sequent adsorption, onto the substrate within the open- 
ings, of tubular fullerenes having the same chirality as 

55 that of the tubular fullerenes utilized to form the tem- 
plate. 

[0008] From another aspect, a method for bulk sepa- 
ration of single-walled tubular fullerenes based on chi- 



2 



3 



EP 1 284 236 A1 



4 



rality is provided, which method includes the steps of: 

a. providing a crystalline substrate having a prede- 
termined lattice structure; 
b depositing a plurality of single-walled tubular 
fullerenes of a selected chirality on the substrate, 
the deposited single-walled tubular fullerenes hav- 
ing a lattice structure thereof in aligned relationship 
with the predetermined lattice structure of the crys- 
talline substrate; 

c. depositing a layer of molecules on the crystalline 
substrate surrounding each of the single-walled tu- 
bular fullerenes of the selected chirality, the mole- 
cules being of a composition having a greater affin- 
ity for the substrate than for the single-walled tubu- 
lar fullerenes of the selected chirality; 

d. removing the single-walled tubular fullerenes 
from the crystalline substrate to form a template 
without disturbing the layer of molecules; 

e. exposing the template to a suspension of single- 
walled tubular fullerenes of random chiralities for 
adsorption thereon of single-walled tubular fuller- 
enes of the selected chirality; 

f . removing the template from the suspension; 

g. exposing the template to a solvent solution for 
removing the adsorbed single-walled tubular fuller- 
enes therefrom; and, 

h. recovering the single-walled tubularfullerenes of 
the selected chirality from the solvent solution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Embodiments of the invention are described, 
by way of example only, in the following description with 
reference to the accompanying drawings, in which: 

FIG. 1 A is a diagram illustrating the derivation of the 
chiral angle; 

FIG. 1 B is a perspective view of a tubular fullerene 
illustrating the chirality thereof; 

FIG. 2 is a schematic illustration of a tubular fuller- 
ene self-orienting on a crystalline substrate lattice; 

FIG. 3A is a diagrammatic representation of an ex- 
ample of a bulk separation process according to the 
present invention; 

FIG. 3B is a schematic illustration of an example of 
a method of forming a template according to the 
present invention; 

FIG. 4 is a schematic illustration of an electrodepo- 
sition apparatus useful in an example of a method 
according to the present invention; and 

FIG. 5 is a schematic illustration of the structure of 



an end functionalized single-walled tubular fuller- 
ene useful in the practice of the present invention. 

DETAILED DESCRIPTION OF PARTICULAR 
5 EMBODIMENTS 

[0010] In order to continue the present trend in mini- 
aturization of electronics, it will be necessary to con- 
struct computer circuits on a molecular scale. To that 

10 end, there has been much research in the use of single- 
walled tubular fullerenes, particularly carbon nano- 
tubes, as both interconnecting conductors and as active 
devices in molecular scale circuits. These molecular 
structures are of interest because of their unique elec- 

'5 trical properties which may be metallic, and highly con- 
ductive, or semiconducting. Whether a tubular fullerene 
exhibits metallic or semiconducting properties is related 
to the chirality of the tubular structure. Chirality is an an- 
gle that represents the twist or spiral of the lattice struc- 

20 ture, as will be further described infollowing paragraphs. 
However, present methods of tubular fullerene synthe- 
sis produce a mixture of chiralities, typically in a ratio of 
two-thirds having a semiconducting characteristic and 
one-third having a metallic characteristic. 

25 [0011] In order to better understand the concept of 
chirality, reference is now made to FIG. 1A. In FIG. 1A, 
the planar lattice 10 is shown wherein an arbitrary atom 
12 defines the origin forthe chiral vector 20 that extends 
from atom 12 to another atom 14 on the lattice which 

30 would coincide with the atom 1 2 if the planar lattice were 
rolled to form a nanotube. The chiral vector 20 is the 
summation of n times a first unit vector a^ and m times 
a second unit vector a^, where the unit vectors are de- 
fined from the hexagonal geometry of the lattice, as is 

35 well known in the art. Thus, n and m are integers of the 
vector equation: 

(1) R=na 1 +ma 2 

40 

Therefore, the axis 22 of the nanotube is defined as a 
line projecting orthogonally from the chiral vector 20. 
The vector description forthe nanotube defined by vec- 
tor 20 is a (6,4) nanotube. Where n does not equal m, 
45 the axis of the lattice 24, a line projected through corre- 
sponding atoms 1 8 of the lattice, does not coincide with 
the axis of the nanotube 22, such deviating by the chiral 
angle X(n.m)- 

[0012] In FIG. 1B, the tubularfullerene 100 represents 
so the resulting structure obtained when the lattice 10 is 
rolled, as previously described. The single-walled car- 
bon nanotube has a longitudinal axis 22 with a lattice 
axis 24 which deviates from the longitudinal axis of the 
nanotube by the chiral angle, as previously described. 
55 [0013] To further understand the principles upon 
which the method of bulk separation of single-walled tu- 
bularfullerenes is based, reference is now made to FIG. 
2. In FIG. 2, a tubular fullerene 100 is disposed on a 
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crystalline substrate 30. In this case, a carbon nanotube 
is illustrated as being disposed on a graphite substrate, 
the structures of each being formed by hexagonal lattic- 
es. Where the two structures have the same lattice 
structure, the tubular fullerene has an energetically fa- 
vored orientation wherein the hexagonal lattices of the 
tubular fullerene and the substrate are mutually aligned. 
That is, they are said to be disposed in registry with one 
another. Therefore, as the tubular fullerene 100 is 
formed by a lattice with a chiral twist, the axis 22 of the 
tubular fullerene 1 00 is angularly displaced with respect 
to a longitudinal axis 36 of the substrate lattice 38. The 
angular orientation of the tubular fullerene axis 22 rela- 
tive to the substrate lattice axis 36 is an angle 0 which 
is equal to the chiral anglex- The angle 0 is also referred 
to as the "locking angle", as it is the angle where the 
nanotube establishes an equilibrium orientation with a 
very sharp energy minimum that leads to atomic scale 
locking of the nanotube. That energy profile repeats 
every 60°, reflecting the lattice symmetry of the crystal- 
line substrate. Therefore, when tubular fullerenes are 
deposited on a crystalline substrate lattice with substan- 
tially the same lattice structure, as when carbon nano- 
tubes are deposited on a graphite substrate, nanotubes 
of different chiralities will be self-organized at different 
and stable angular orientations. It is this phenomenon 
that provides the basis for the bulk separation method 
of the instant invention. 

[0014] Raw fullerene nanotubes usually are produced 
in the form of long, tangled ropes of many nanotubes, 
which are held in close contact by strong electrostatic 
van der Waals interactions. As is well known in the art, 
the nanotube ropes can be separated and cut to form 
individual shorter open-end tubular fullerenes by soni- 
cation in a 3:1 mixture of concentrated sulfuric and nitric 
acids (98% and 70%, respectively) at 40° Centigrade. 
The thus produced "fullerene pipes" are more manipu- 
lable and better suited for use in molecular electronics, 
and for being functionalized to improve the solubility 
thereof, as will be discussed in following paragraphs. 
[0015] A schematic representation of the procedure 
for bulk separation of tubular fullerenes based on chiral- 
ity is shown in FIG. 3A. Thefirst step 80 in the procedure 
is the formation of a template for fullerenes of a selected 
chirality. A method of template formation will be de- 
scribed in following paragraphs. In the next step 82, the 
tubular fullerenes having the selected chirality are de- 
posited on the template. One method which has been 
used to deposit the fullerenes on a crystalline substrate, 
and in particular, carbon nanotubes on a graphite sub- 
strate, is an electrodeposition process, as shown in FIG. 
4. 

[0016] In the electrodeposition process, the substrate 
30, or template 40, forms the positive electrode of the 
system. An O-ring 60 forms the side walls of a container 
for a suspension 16 of tubular fullerenes 100. Disposed 
on the opposing side of the O-ring 60 is the negative 
electrode 50, which is typically formed of stainless steel. 



DC power source 70 is coupled between the electrodes 
30 or 40 and 50. The tubularfullerenes 1 0Oform a stable 
colloidal aqueous suspension 1 6 in which the individual 
"pipes"assume a negative charge. Thus, when the DC 
5 power supply is connected between the electrodes, the 
tubularfullerenes are electrodeposited on the substrate. 
This apparatus is useful for both forming the template 
and subsequently depositing nanotubes on the tem- 
plate. 

10 [0017] Where electrode deposition is utilized to de- 
posit the tubular fullerenes on the template 40 in step 
82, the template 40 preferentially receives tubularfuller- 
enes of a predetermined chirality, a chirality which was 
selected in the formation of the template, as will be de- 

15 scribed in following paragraphs. Subsequentto the pref- 
erential deposition of tubular fullerenes of the selected 
chirality, the template is removed from its exposure to 
the colloidal aqueous suspension of tubular fullerenes 
and the deposited fullerenes are removed from the tem- 

20 plate in step 84. While any method of removal which is 
not detrimental to the structure of the fullerenes or the 
template may be utilized, the simplest method is the dis- 
solution of the adsorbed fullerenes in an organic solvent 
followed by the recovery therefrom. One organic solvent 

25 useful in practicing the invention is ether, but other sol- 
vents such as dichloromethane and trichloromethane 
also may be used. 

[0018] The solubility of the tubular fullerenes maybe 
enhanced by functionalizing the tubular fullerenes with 

30 long-chain amines. Tubular fullerenes 100', end-func- 
tionalized with amide groups, as illustrated schematical- 
ly in FIG. 5, are disclosed in Hamon, et al., "Dissolution 
of Single-Walled Carbon Nanotubes," Advanced Mate- 
rials , Vol. 11, No. 10, 1999, and provide enhanced sol- 

35 ubility without impairing deposition of the tubular fuller- 
ene on the template 40. Similar end functionalization is 
described in U.S. Patent #6,187,823. Side functionali- 
zation of the tubu lar fullerenes also may provide the de- 
sired enhanced solubility thereof, without disturbing the 

40 self-orienting deposition character of the fullerenes. 
[0019] Subsequent to the dissolution of the tubular 
fullerenes, the template in step 86 is prepared for reuse. 
Any excess ether on the template is evaporated and the 
template may be washed and dried prior to being reused 

45 jn step 82. The dissolved fullerenes are recovered in 
step 88, by evaporation of the solvent, leaving the tubu- 
lar fullerenes of the selected chirality for use to enlarge 
the template or in an intended application, such as in 
the manufacture of nanoscale active electronic devices, 

50 or conductors therefor. 

[0020] Referring now to FIG. 3B, there is shown the 
method forforming the template 40. Initially, acrystalline 
substrate 30 is provided having the necessary planar 
lattice structure corresponding to the tubular lattice of 

55 the fullerenes 1 00 to be separated. When carbon nan- 
otubes are the fullerenes to be separated utilizing the 
template, the crystalline substrate is a freshly-cleaved 
highly oriented pyrolitic graphite substrate. The graphite 
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substrate has a crystallographic orientation defined by 
a plane having Miller indices of (111). Single-walled tu- 
bular fullerenes of a selected chirality are put into an 
aqueous suspension by the addition of a surfactant. One 
surfactant useful in the practice of the instant invention 
is octylphenol ethylene oxide condensate sold underthe 
trade name Triton X-100 by Union Carbide. The single- 
walled tubular fullerenes of the selected chirality are ob- 
tained initially utilizing the standard and tedious tech- 
nique of mechanical separation utilizing such devices 
as an atomic force microscope. Since this method of 
separation is so tedious, only a small number may be 
obtained to produce a first template. Then, the fuller- 
enes used to make that template can be combined with 
fullerenes separated using that template to produce a 
second template capable of separating double the 
number of fullerenes. This iterative process can be re- 
peated, each time doubling the template capacity to ad- 
sorb tubular fullerenes of the selected chirality. 
[0021] As previously described, the single-walled tu- 
bular fullerenes 100 are deposited on the crystalline 
substrate 30 from the suspension 16 utilizing the elec- 
trodeposition apparatus illustrated in FIG. 4. Subse- 
quently, the water and surfactant are washed from the 
substrate using methanol and a spin coater, as an ex- 
ample. The adsorbed tubular fullerenes 1 00 will remain 
on the surface of the substrate 30 in particular orienta- 
tions defined by their chirality. Next, a saturated aque- 
ous solution of a nucleotide base adenine is applied to 
the surface of the substrate after it has been heated to 
approximately 80° Centigrade. A monolayer 34 of the 
base will self-assemble spontaneously on the surface 
of the substrate surrounding the tubular fullerenes 1 00 
already adsorbed thereon. Next, the water is evaporat- 
ed from the surface, leaving the tubular fullerenes 1 00 
surrounded by the adenine adsorbate template material 
34, that also covers the remaining surface of substrate 
30. In addition to adenine, other nucleotide bases, such 
as uracil, thymine and guanine, and similar structures 
such as xanthine, may also be utilized, as well as other 
compositions that can be deposited on the crystalline 
substrate without affecting the energetic advantage of 
tubular fullerenes of a predetermined chirality for a par- 
ticular orientation on the substrate, and are not soluble 
in the organic solvent that is subsequently used to re- 
move the tubular fullerenes 100. 
[0022] In order to form the template 40, the tubular 
fullerenes 1 00 are removed from the surface without dis- 
turbing the adenine adsorbate surrounding the fuller- 
enes 100. As previously discussed, the tubular fuller- 
enes are dissolved in an ether, or other organic solvent, 
leaving the elongated openings 32 which expose por- 
tions of the substrate into which other tubular fullerenes 
may be adsorbed, tubularfullerenes whose chirality pro- 
vides the preferential orientation that matches the par- 
ticular orientation of the openings 32 of crystalline sub- 
strate 30. Once the template 40 has been formed, it can 
be continuously reused to adsorb further tubular fuller- 



enes 100 havingthesamechirality as thefullerenes 100 
which were originally used to form the template. 
[0023] The crystalline substrate 30 may be formed by 
a substrate of highly oriented pyrolitic graphite, or a 

5 graphite substituted with boron and nitrogen, or a sub- 
strate formed of boron nitride. The corresponding tubu- 
larfullerenes may be formed by carbon nanotubes, car- 
bon nanotubes substituted with boron and nitrogen, or 
boron nitride nanotubes. Other substrate and fullerene 

10 materials may be used that exhibit the same self-orient- 
ing properties as those specifically listed herein. 
[0024] Although this invention has been described in 
conjunction with specific forms and embodiments there- 
of, it will be appreciated that various modifications other 

is than those discussed above may be resorted to without 
departing from the scope of the invention . For example, 
equivalent method steps may be substituted for those 
specifically shown and described, different solvents, 
surfactants or template coating compositions can be 

20 used in place of those described herein, certain proc- 
esses may be used independently of other processes, 
and in certain cases, particular sequences of method 
steps may be reversed or interposed, all without depart- 
ing from the scope of the invention. 

25 

Claims 

1. A method for bulk separation of single-walled tubu- 
30 lar fullerenes based on chirality, comprising the 

steps of: 

a. forming a template on a crystalline substrate 
having a plurality of openings oriented to ener- 

35 getically favor adsorption of a respective plural- 

ity of single-walled fullerenes having a tubular 
contour and a selected chirality; 

b. exposing said template to a suspension of 
single-walled tubularfullerenes of random chi- 

40 ralities for adsorption of single-walled tubular 

fullerenes of said selected chirality within said 
openings of said template; 

c. removing said template from said suspen- 
sion; and, 

45 d. removing said adsorbed single-walled tubu- 

larfullerenes of said selected chirality from said 
template. 

2. The method as recited in Claim 1 , wherein said step 
so of forming a template includes the steps of: 

a. providing said crystalline substrate having a 
predetermined lattice structure; 

b. depositing a plurality of single-walled tubular 
55 fullerenes of said selected chirality on said sub- 
strate, said deposited single-walled tubular 
fullerenes having a lattice structure thereof in 
aligned relationship with said predetermined 
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lattice structure of said crystalline substrate; 

c. coating areas of said crystalline substrate 
surrounding each of said single-walled tubular 
fullerenes with a composition having a greater 
affinity for said crystalline substrate than for 
said single-walled tubular fullerenes of said se- 
lected chirality; and, 

d. removing said single-walled tubular fuller- 
enes from said substrate without disturbing 
said composition of step c. 

3. The method as recited in Claim 2, wherein said step 
of providing a crystalline substrate includes the step 
of providing a substrate formed of graphite. 

4. The method as recited in Claim 2 or Claim 3, where- 
in said step of coating includes the step of deposit- 
ing a monolayer of molecules of a nucleotide base 
on said substrate surrounding said deposited plu- 
rality of single-walled tubular fullerenes of said se- 
lected chirality. 

5. The method as recited in any of Claims 2 to 4, 
wherein said step of depositing a plurality of single- 
walled tubular fullerenes includes the step of depos- 
iting a plurality of single-walled carbon nanotubes. 

6. The method as recited in Claim 5, wherein said step 
of depositing a plurality of single-walled carbon na- 
notubes includes the step of functionalizing single- 
walled carbon nanotubes to improve solubility 
thereof. 

7. The method as recited in Claim 6, wherein said step 
of functionalizing said single-walled carbon nano- 
tubes includes the step of end functionalizing said 
single-walled carbon nanotubes. 

8. The method as recited in any of Claims 2 to 7, 
wherein said step of removing said adsorbed sin- 
gle-walled tubuiarfullerenes includes the step of ex- 
posing said coated crystalline substrate to a solvent 
solution. 

9. The method as recited in Claim 8, wherein said step 
of removing said adsorbed single-walled tubular 
fullerenes in a solvent solution includes the step of 
providing an organic solvent selected from the 
group consisting of ether, dichloromethane, and 
trichloromethane. 

10. The method as recited in any of Claims 2 to 9, 
wherein said step of coating includes the step of de- 
positing on said crystalline substrate a composition 
selected from the group consisting of adenine, gua- 
nine, thymine, uracil or xanthine. 

11. The method as recited in any of Claims 2 to 10, 



wherein said step of depositing a plurality of single- 
walled tubular fullerenes includes the step of elec- 
trodepositing said single-walled tubular fullerenes. 

5 12. The method as recited in any preceding claim, 
wherein said step of removing said adsorbed sin- 
gle-walled tubular fullerenes includes the steps of: 

exposing said template to a solvent solution for 
10 removing said adsorbed single-walled tubular 

fullerenes therefrom; and, 
recovering said single-walled tubuiarfullerenes 
of said selected chirality from said solvent so- 
lution. 

15 

13. The method as recited in any preceding claim, 
wherein said step of exposing said template in- 
cludes the step of providing a suspension of plural- 
ity of single-walled carbon nanotubes. 

20 

14. The method as recited in Claim 13, wherein said 
step of exposing said template includes the step of 
electrodepositing said single-walled carbon nano- 
tubes on said template. 

25 

15. The method as recited in any preceding claim, fur- 
ther comprising the step of repeating steps b 
through d a selected number of times to accumulate 
a predetermined quantity of single-walled tubular 

30 fullerenes of said selected chirality. 

16. A method for bulk separation of single-walled tubu- 
lar fullerenes based on chirality, comprising the 
steps of: 

35 

a. providing a crystalline substrate having a 
predetermined lattice structure; 

b. depositing a plurality of single-walled tubular 
fullerenes of a selected chirality on said sub- 

40 strate, said deposited single-walled tubular 

fullerenes having a lattice structure thereof in 
aligned relationship with said predetermined 
lattice structure of said crystalline substrate; 

c. depositing a layer of molecules on said crys- 
45 talline substrate surrounding each of said sin- 
gle-walled tubular fullerenes of said selected 
chirality; 

d. removing said single-walled tubular fuller- 
enes from said crystalline substrate to form a 

so template without substantially disturbing said 

layer of molecules; 

e. exposing said template to a suspension of 
single-walled tubuiarfullerenes of random chi- 
ralities for adsorption thereon of single-walled 

55 tubuiarfullerenes of said selected chirality; 

f. removing said template from said suspen- 
sion; 

g. exposing said template to a solvent solution 
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for removing said adsorbed single-walled tubu- 
lar fullerenes therefrom; and, 
h. recovering said single-walled tubular fuller- 
enes of said selected chirality from said solvent 
solution. 5 

17. The method as recited in Claim 1 6, further compris- 
ing the step of reusing said template to repeat steps 
e through h a selected number of times to accumu- 
late a predetermined quantity of single-walled tubu- 10 
lar fullerenes of said selected chirality. 

18. The method as recited in Claim 16 or Claim 17, 
wherein said step of providing a crystalline sub- 
strate includes the step of providing a substrate is 
formed of highly oriented pyrolytic graphite. 

19. The method as recited in any of Claims 16 to 18, 
wherein said step of depositing a layer of molecules 
includes the step of depositing on said crystalline 20 
substrate a composition selected from the group 
consisting of adenine, guanine, thymine, uracil or 
xanthine. 

20. The method as recited in any of Claims 16 to 19, 25 
wherein said step of exposing said template to a sol- 
vent solution includes the step of providing an or- 
ganic solvent selected from the group consisting of 
ether, dichloromethane, and trichloromethane. 

30 

21. A method for bulk separation of single-walled car- 
bon nanotubes based on chirality, comprising the 
steps of: 

a. forming a template on a highly oriented py- 35 
rolytic graphite substrate having a plurality of 
openings oriented to energetically favor ad- 
sorption of a respective plurality of single- 
walled carbon nanotubes having a selected chi- 
rality; 40 

b. exposing said template to a suspension of 
single-walled carbon nanotubes of random chi- 
ralities for adsorption of single-walled carbon 
nanotubes of said selected chirality within said 
openings of said template; 45 

c. removing said template from said suspen- 
sion; and, 

d. removing said adsorbed single-walled car- 
bon nanotubes of said selected chirality from 
said template. 50 

22. The method as recited in Claim 21 , wherein said 
step of forming a template includes the steps of: 

a. providing said highly oriented pyrolytic 55 
graphite substrate; 

b. depositing a plurality of single-walled carbon 
nanotubes of said selected chirality on said 



highly oriented pyrolytic graphite substrate, 
said deposited single-walled carbon nanotubes 
having a lattice structure thereof in aligned re- 
lationship with said predetermined lattice struc- 
ture of said highly oriented pyrolytic graphite 
substrate; 

c. coating areas of said highly oriented pyrolytic 
graphite substrate surrounding each of said 
single-walled carbon nanotubes with a compo- 
sition having a greater affinity for said highly ori- 
ented pyrolytic graphite substrate than for said 
single-walled carbon nanotubes of said select- 
ed chirality; and, 

d. removing said single-walled carbon nano- 
tubes from said highly oriented pyrolytic graph- 
ite substrate. 
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